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1
AMORPHOUS FORM OF
4-((4-(CYCLOPENTYLOXY)-5-(2-

METHYLBENZO[D]OXAZOL-6-YL)-7H-
PYRROLO[2,3-D]PYRIMIDIN-2-YL)AMINO)-

3-METHOXY-N-METHYLBENZAMIDE,
COMPOSITIONS THEREOF AND METHODS

OF THEIR USE

This application claims the benefit of U.S. Provisional
Application No. 62/024,123, filed Jul. 14, 2014, the entire
contents of which are incorporated herein by reference.

1. FIELD

Provided herein is an amorphous form of 4-((4-(Cyclo-
pentyloxy)-5-(2-methylbenzo[d]oxazol-6-yl)-7H-pyrrolo[ 2,
3-d]pyrimidin-2-yl)amino)-3-methoxy-N-methylbenz-
amide, compositions thereof, and methods of their use for
treating or preventing a cancet, in particular solid tumors and
hematological cancers as described herein as well as the
amorphous form of 4-((4-(Cyclopentyloxy)-5-(2-methyl-
benzo[d]oxazol-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-2-y1)
amino)-3-methoxy-N-methylbenzamide and compositions
thereof for use in these methods.

2. BACKGROUND

2.1 Solid Forms of Pharmaceutical Compounds

The identification and selection of a solid form of a
pharmaceutical compound are complex, given that a change
in solid form may affect a variety of physical and chemical
properties, which may provide benefits or drawbacks in
processing, formulation, stability, bioavailability, storage,
handling (e.g., shipping), among other important pharma-
ceutical characteristics. Amorphous solids are characterized
by a lack of long-range structural order, whereas crystalline
solids are characterized by structural periodicity.

Notably, it is not possible to predict a priori if crystalline
forms of a compound even exist, let alone how to success-
fully prepare them (see, e.g., Braga and Grepioni, 2005,
“Making crystals from crystals: a green route to crystal
engineering and polymorphism,” Chem. Commun.: 3635-
3645 (with respect to crystal engineering, if instructions are
not very precise and/or if other external factors affect the
process, the result can be unpredictable); Jones et al., 2006,
Pharmaceutical Cocrystals: An Emerging Approach to
Physical Property Enhancement,” MRS Bulletin 31:875-879
(At present it is not generally possible to computationally
predict the number of observable polymorphs of even the
simplest molecules); Price, 2004, “The computational pre-
diction of pharmaceutical crystal structures and polymor-
phism,” Advanced Drug Delivery Reviews 56:301-319
(“Price”); and Bernstein, 2004, “Crystal Structure Prediction
and Polymorphism,” ACA Transactions 39:14-23 (a great
deal still needs to be learned and done before one can state
with any degree of confidence the ability to predict a crystal
structure, much less polymorphic forms)).

The compound chemically named 4-((4-(cyclopenty-
loxy)-5-(2-methylbenzo[d]oxazol-6-yl)-7H-pyrrolo[2,3-d]
pyrimidin-2-yl)amino)-3-methoxy-N-methylbenzamide and
tautomers thereof (collectively referred to herein as “Com-
pound 17) are disclosed in U.S. patent application Ser. No.
14/155,485, filed on Jan. 15, 2014, the entirety of which is
incorporated by reference herein.

2.2 Cancer

Cancer is characterized primarily by an increase in the
number of abnormal cells derived from a given normal
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tissue, invasion of adjacent tissues by these abnormal cells,
or lymphatic or blood-borne spread of malignant cells to
regional lymph nodes and to distant sites (metastasis).
Clinical data and molecular biologic studies indicate that
cancer is a multistep process that begins with minor pre-
neoplastic changes, which may under certain conditions
progress to neoplasia. The neoplastic lesion may evolve
clonally and develop an increasing capacity for invasion,
growth, metastasis and heterogeneity, especially under con-
ditions in which the neoplastic cells escape the host’s
immune surveillance. See Roitt, 1., Brostoff, J and Kale, D.,
Immunology, 17.1-17.12 (3rd ed., Mosby, St. Louis, Mo.,
1993).

Cancers figure among the leading causes of death world-
wide, accounting for 8.2 million deaths in 2012. It is
expected that annual cancer cases will rise from 14 million
in 2012 to 22 million within the next two decades. See
Cancer Fact sheet N°297, World Health Organization, Feb-
ruary 2014, retrieved 10 Jun. 2014 and Globocan 2012,
TARC.

The current drugs used in cancer treatment are highly
toxic and often non-specific. Current anticancer therapy
strategies are typically focused on rapid proliferating cells,
which can shrink primary and metastatic tumors, but such
effects are usually transient and tumor relapse of most
metastatic cancers frequently occur. One possible reason for
failure is the existence of cancer stem cells. Unlike most
cells within the tumor, cancer stem cells are resistant to
well-defined chemotherapy and after treatment, they can
regenerate all the cell types in the tumor through their stem
cell-like behavior of largely quiescent nature and their
abundant expression of drug transporters.

There is an enormous variety of cancers which are
described in detail in the medical literature. The incidence of
cancer continues to climb as the general population ages, as
new cancers develop, and as susceptible populations (e.g.,
people infected with AIDS or excessively exposed to sun-
light) grow. However, options for the treatment of cancer are
limited. A tremendous demand therefore exists for new
methods and compositions that can be used to treat patients
with cancer.

Citation or identification of any reference in Section 2 of
this application is not to be construed as an admission that
the reference is prior art to the present application.

3. SUMMARY

Provided herein is an amorphous form of Compound 1:

NH

having the name 4-((4-(Cyclopentyloxy)-5-(2-methyl-
benzo[d]oxazol-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-2-yl)
amino)-3-methoxy-N-methylbenzamide, including tautom-
ers thereof. Also provided are methods of preparing,
isolating and characterizing the amorphous form.
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Provided herein are methods of treating a cancer, in
particular a solid tumor or a hematological cancer, compris-
ing administering to a subject in need thereof an effective
amount of an amorphous form of Compound 1.

Also provided herein are methods for preventing cancer
metastasis, comprising administering to a subject in need
thereof an effective amount of an amorphous form of Com-
pound 1. Additionally, provided herein are methods of
eradicating cancer stem cells in a subject, comprising admin-
istering to a subject in need thereof an effective amount of
an amorphous form of Compound 1. Also provided are
methods of inducing differentiation in cancer stem cells in a
subject, comprising administering to a subject in need
thereof an effective amount of an amorphous form of Com-
pound 1. In another aspect, provided are methods of induc-
ing cancer stem cell death in a subject, comprising admin-
istering to a subject in need thereof an effective amount of
an amorphous form of Compound 1.

In one aspect, provided herein are methods for treating or
preventing breast cancer, in particular triple negative breast
cancer (TNBC), comprising administering to a subject in
need thereof an effective amount of an amorphous form of
Compound 1 as described herein.

In another aspect, provided herein are methods for treat-
ing a cancer provided herein, comprising administering to a
subject in need thereof an effective amount of an amorphous
form of Compound 1 as described herein and a pharmaceu-
tically acceptable carrier, excipient or vehicle.

In another aspect, provided herein are methods for pre-
venting a cancer provided herein, comprising administering
to a subject in need thereof an effective amount of an
amorphous form of Compound 1 as described herein and a
pharmaceutically acceptable carrier, excipient or vehicle.

The present embodiments can be understood more fully
by reference to the detailed description and examples, which
are intended to exemplify non-limiting embodiments.

4. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an XRPD pattern of the amorphous form
of Compound 1.

FIG. 2A and FIG. 2B depict representative DSC thermo-
grams of amorphous Compound 1.

FIG. 3A and FIG. 3B depict representative SEM images
of amorphous Compound 1.

FIG. 4A, FIG. 4B and FIG. 4C depict representative
particle size distributions of amorphous Compound 1.

FIG. 5 depicts a representative preparation process of the
amorphous form.

FIG. 6 depicts a stability study of the amorphous form
based on its HPL.C purity over 3 months.

FIG. 7 depicts a stability study of the amorphous form
based on its XRPD over 3 months.

5. DETAILED DESCRIPTION

5.1 Definitions

As used herein, and unless otherwise specified, the terms
“about” and “approximately,” when used in connection with
doses, amounts, or weight percents of ingredients of a
composition or a dosage form, mean a dose, amount, or
weight percent that is recognized by one of ordinary skill in
the art to provide a pharmacological effect equivalent to that
obtained from the specified dose, amount, or weight percent.
In certain embodiments, the terms “about” and “approxi-
mately,” when used in this context, contemplate a dose,

10

15

20

25

30

35

40

45

50

55

60

65

4

amount, or weight percent within 30%, within 20%, within
15%, within 10%, or within 5%, of the specified dose,
amount, or weight percent.

As used herein, and unless otherwise specified, the terms
“about” and “approximately,” when used in connection with
a numeric value or range of values which is provided to
characterize an amorphous form, e.g., a specific temperature
or temperature range, such as, for example, that describes a
melting, dehydration, desolvation, or glass transition tem-
perature; a mass change, such as, for example, a mass
change as a function of temperature or humidity; a solvent
or water content, in terms of, for example, mass or a
percentage; or a peak position, such as, for example, in
analysis by, for example, IR or Raman spectroscopy or
XRPD; indicate that the value or range of values may
deviate to an extent deemed reasonable to one of ordinary
skill in the art while still describing the solid form. Tech-
niques for characterizing crystal forms and amorphous
forms include, but are not limited to, thermal gravimetric
analysis (TGA), differential scanning calorimetry (DSC),
X-ray powder diffractometry (XRPD), single-crystal X-ray
diffractometry, vibrational spectroscopy, e.g., infrared (IR)
and Raman spectroscopy, solid-state and solution nuclear
magnetic resonance (NMR) spectroscopy, optical micros-
copy, hot stage optical microscopy, scanning electron
microscopy (SEM), electron crystallography and quantita-
tive analysis, particle size analysis (PSA), surface area
analysis, solubility studies, and dissolution studies. In cer-
tain embodiments, the terms “about” and “approximately,”
when used in this context, indicate that the numeric value or
range of values may vary within 30%, 20%, 15%, 10%, 9%,
8%, 7%, 6%, 5%, 4%, 3%, 2%, 1.5%, 1%, 0.5%, or 0.25%
of'the recited value or range of values. For example, in some
embodiments, the value of an XRPD peak position may vary
by up to £0.2° 20 while still describing the particular XRPD
peak.

As used herein, and unless otherwise specified, an amor-
phous form that is “substantially physically pure” is sub-
stantially free from other solid forms, such as crystalline
forms. In certain embodiments, an amorphous form that is
substantially physically pure contains less than about 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%,
0.2%, 0.1%, 0.05%, or 0.01% of one or more other solid
forms on a weight basis. The detection of other solid forms
can be accomplished by any method apparent to a person of
ordinary skill in the art, including, but not limited to,
diffraction analysis, thermal analysis, elemental combustion
analysis, spectroscopic analysis, scanning electron micros-
copy (SEM) and/or X-ray powder diffraction (XRPD). In
certain embodiment, provided herein is an amorphous form
of Compound 1 that is substantially physically pure.

As used herein, and unless otherwise specified, an amor-
phous form that is “substantially chemically pure” is sub-
stantially free from other chemical compounds (i.e., chemi-
cal impurities). In certain embodiments, an amorphous form
that is substantially chemically pure contains less than about
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.4%,
0.3%, 0.2%, 0.1%, 0.05%, or 0.01% of one or more other
chemical compounds on a weight basis. The detection of
other chemical compounds can be accomplished by any
method apparent to a person of ordinary skill in the art,
including, but not limited to, methods of chemical analysis,
such as, e.g., mass spectrometry analysis, spectroscopic
analysis, thermal analysis, elemental combustion analysis
and/or chromatographic analysis. In certain embodiment,
provided herein is an amorphous form of Compound 1 that
is substantially chemically pure.
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“Tautomers” refers to isomeric forms of a compound that
are in equilibrium with each other. The concentrations of the
isomeric forms will depend on the environment the com-
pound is found in and may be different depending upon, for
example, whether the compound is a solid or is in an organic
or aqueous solution. For example, in aqueous solution,
pyrazoles may exhibit the following isomeric forms, which
are referred to as tautomers of each other:

H

N. N.
HN/ = N/ |

e \

As readily understood by one skilled in the art, a wide
variety of functional groups and other structures may exhibit
tautomerism and all tautomers of Compound 1 are within the
scope of the present invention.

Unless otherwise specified, the term “composition” as
used herein is intended to encompass a product comprising
the specified ingredient(s) (and in the specified amount(s), if
indicated), as well as any product which results, directly or
indirectly, from combination of the specified ingredient(s) in
the specified amount(s). By “pharmaceutically acceptable,”
it is meant a diluent, excipient, or carrier in a formulation
must be compatible with the other ingredient(s) of the
formulation and not deleterious to the recipient thereof.

The term “solid form™ refers to a physical form which is
not predominantly in a liquid or a gaseous state.

As used herein and unless otherwise specified, the term
“crystalline” when used to describe a compound, substance,
modification, material, component or product, unless other-
wise specified, means that the compound, substance, modi-
fication, material, component or product is substantially
crystalline as determined by X-ray diffraction. See, e.g.,
Remington: The Science and Practice of Pharmacy, 21st
edition, Lippincott, Williams and Wilkins, Baltimore, Md.
(2005); The United States Pharmacopeia, 23" ed., 1843-
1844 (1995).

Unless otherwise specified, the term “amorphous” or
“amorphous form” means that the substance, component, or
product in question is not substantially crystalline as deter-
mined by X-ray diffraction. In particular, the term “amor-
phous form” describes a disordered solid form, i.e., a solid
form lacking long range crystalline order. In certain embodi-
ments, an amorphous form of a substance may be substan-
tially free of other amorphous forms and/or crystal forms. In
certain embodiments, an amorphous form of a substance
may contain less than about 1%, less than about 2%, less
than about 3%, less than about 4%, less than about 5%, less
than about 10%, less than about 15%, less than about 20%,
less than about 25%, less than about 30%, less than about
35%, less than about 40%, less than about 45%, or less than
about 50% by weight of one or more other amorphous forms
and/or crystal forms on a weight basis. In certain embodi-
ments, an amorphous form of a substance may be physically
and/or chemically pure. In certain embodiments, an amor-
phous form of a substance be about 99%, about 98%, about
97%, about 96%, about 95%, about 94%, about 93%, about
92%, about 91%, or about 90% physically and/or chemically
pure. In certain embodiments, the amorphous form of Com-
pound 1 provided herein does not have any crystallinity as
determined by X-ray diffraction.

“Treating” as used herein, means an alleviation, in whole
or in part, of a disorder, disease or condition, or one or more
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of the symptoms associated with a disorder, disease, or
condition, or slowing or halting of further progression or
worsening of those symptoms, or alleviating or eradicating
the cause(s) of the disorder, disease, or condition itself. In
one embodiment, the disorder is a cancer, in particular, a
solid tumor or hematological cancer. In some embodiments,
“treating” means an alleviation, in whole or in part, of a
cancer, or symptoms associated with a cancer, in particular,
a solid tumor or hematological cancer, or a slowing, or
halting of further progression or worsening of those symp-
toms.

“Preventing” as used herein, means a method of delaying
and/or precluding the onset, recurrence or spread, in whole
or in part, of a disorder, disease or condition, or one or more
of the symptoms associated with a disorder, disease, or
condition, in particular, a solid tumor or hematological
cancer; barring a subject from acquiring a cancer, in par-
ticular, a solid tumor or hematological cancer; or reducing a
subject’s risk of acquiring a cancer, in particular, a solid
tumor or hematological cancer.

The term “effective amount” in connection with an amor-
phous form of Compound 1 means a amount capable of
treating or preventing a disorder, disease or condition, or
symptoms thereof, as disclosed herein. The effective amount
of an amorphous form of Compound 1, for example in a
pharmaceutical composition, may be at a level that will
exercise the desired effect; for example, about 0.005 mg/kg
of a subject’s body weight to about 100 mg/kg of a patient’s
body weight in unit dosage for parenteral administration. As
will be apparent to those skilled in the art, it is to be expected
that the effective amount of an amorphous form of Com-
pound 1 disclosed herein may vary depending on the sever-
ity of the indication being treated.

The terms “patient” and “subject” as used herein include
an animal, including, but not limited to, an animal such a
cow, monkey, horse, sheep, pig, chicken, turkey, quail, cat,
dog, mouse, rat, rabbit or guinea pig, in one embodiment a
mammal, in another embodiment a human. In one embodi-
ment, a subject is a human having or at risk for having a
solid tumor or hematological cancer, or a symptom thereof.
In one embodiment, a patient is a human having histologi-
cally or cytologically-confirmed TNBC, including subjects
who have progressed on (or not been able to tolerate)
standard anticancer therapy or for whom no standard anti-
cancer therapy exists.

As used herein, and unless otherwise specified, the terms
“cancer” refers to or describes the physiological condition in
mammals that is typically characterized by unregulated cell
growth. Examples of cancer include solid tumors and hema-
tological cancer. In some embodiments, the cancer is a
primary cancer, in others, the cancer is metastasized. In one
embodiment, the cancer is breast cancer. In another embodi-
ment, the cancer is triple negative breast cancer.

“Triple negative breast cancer (INBC)” as used herein,
means breast cancer that does not express the proteins
corresponding to the estrogen receptor (ER)- and progester-
one receptor (PR), and that does not overexpress the human
epidermal growth factor receptor 2 (Her2/neu) protein.

As used herein “solid tumors™ includes, but is not limited
to, bladder cancer (including, but not limited to, superficial
bladder cancer), breast cancer (including, but not limited to,
luminal B type, ER+, PR+ and Her2+breast cancer), central
nervous system cancer (including, but not limited to, glio-
blastoma multiforme (GBM), glioma, medulloblastoma, and
astrocytoma), colorectal cancer, gastrointestinal cancer (in-
cluding, but not limited to, stomach cancer, oesophagus
cancer, and rectum cancer), endocrine cancer (including, but
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not limited to, thyroid cancer, and adrenal gland cancer), eye
cancer (including, but not limited to, retinoblastoma),
female genitourinary cancer (including, but not limited to,
cancer of the placenta, uterus, vulva, ovary, cervix), head
and neck cancer (including, but not limited to, cancer of the
pharynx, oesophagus, and tongue), liver cancer, lung cancer
(including, but not limited to, non-small cell lung cancer
(NSCLC), small cell lung cancer (SCLC), mucoepidermoid,
bronchogenic, squamous cell carcinoma (SQCC), and anal-
plastic/NSCLC), skin cancer (including, but not limited to,
melanoma, and SQCC), soft tissue cancer (including but not
limited to, sarcoma, Ewing’s sarcoma, and rhabdomyosar-
coma), bone cancer (including, but not limited to, sarcoma,
Ewing’s sarcoma, and osteosarcoma), squamous cell cancer
(including, but not limited to, lung, esophageal, cervical, and
head and neck cancer), pancreas cancer, kidney cancer
(including, but not limited to, renal Wilm’s tumor and renal
cell carcinoma), and prostate cancer. In some embodiments,
the solid tumor is breast cancer, colon cancer, lung cancer or
bladder cancer. In one such embodiment, the solid tumor is
superficial bladder cancer. In another, the solid tumor is lung
squamous cell carcinoma. In yet another embodiment, the
solid tumor is luminal B type breast cancer.

As used herein “hematological cancer” includes, but is
not limited to, leukemia (including, but not limited to, acute
lymphocytic leukemia (ALL), chronic myeloid leukemia
(CML), acute T-cell leukemia, B cell precursor leukemia,
acute promyelocytic leukemia (APML), plasma cell leuke-
mia, myelomonoblastic/T-ALL, B myelomonocytic leuke-
mia, erythroleukemia, and acute myeloid leukemia (AML)),
lymphoma (including but not limited to Hodgkin’s lym-
phoma, non-Hodgkin’s lymphoma (NHL), Burkitt’s lym-
phoma (BL), B cell lymphoma, lymphoblastic lymphoma,
follicular lymphoma (FL), diffuse large B-cell lymphoma
(DLBCL), large cell immunoblastic lymphoma), and mul-
tiple myeloma.
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In the context of a cancer, inhibition may be assessed by
inhibition of disease progression, inhibition of tumor
growth, reduction of primary tumor, relief of tumor-related
symptoms, inhibition of tumor secreted factors (including
tumor secreted hormones, such as those that contribute to
carcinoid syndrome), delayed appearance of primary or
secondary tumors, slowed development of primary or sec-
ondary tumors, decreased occurrence of primary or second-
ary tumors, slowed or decreased severity of secondary
effects of disease, arrested tumor growth and regression of
tumors, increased Time To Progression (TTP), increased
Progression Free Survival (PFS), increased Overall Survival
(OS), among others. OS as used herein means the time from
randomization until death from any cause, and is measured
in the intent-to-treat population. TTP as used herein means
the time from randomization until objective tumor progres-
sion; TTP does not include deaths. As used herein, PFS
means the time from randomization until objective tumor
progression or death. In one embodiment, PFS rates will be
computed using the Kaplan-Meier estimates. In the extreme,
complete inhibition, is referred to herein as prevention or
chemoprevention. In this context, the term “prevention”
includes either preventing the onset of clinically evident
cancer altogether or preventing the onset of a preclinically
evident stage of a cancer. Also intended to be encompassed
by this definition is the prevention of transformation into
malignant cells or to arrest or reverse the progression of
premalignant cells to malignant cells. This includes prophy-
lactic treatment of those at risk of developing a cancer.

In certain embodiments, the treatment of lymphoma may
be assessed by the International Workshop Criteria (IWC)
for non-Hodgkin lymphoma (NHL) (see Cheson B D, Pfist-
ner B, Juweid, M E, et. al. Revised Response Criteria for
Malignant Lymphoma. J. Clin. Oncol: 2007: (25) 579-586),
using the response and endpoint definitions shown below:

Response  Definition

Nodal Masses

Spleen, liver

Bone Marrow

CR Disappearance of
all evidence

of disease

PR Regression of
measurable
disease and no

new sites

SD Failure to attain

CR/PR or PD

(a) FDG-avid or
PET positive prior
to therapy; mass
of any size
permitted if PET
negative

(b) Variably FDG-
avid or PET
negative;
regression to
normal size on CT
=50% decrease in
SPD of up to 6
largest dominant
masses; no
increase in size of
other nodes

(a) FDG-avid or
PET positive prior
to therapy; one or
more PET positive
at previously
involved site

(b) Variably FDG-
avid or PET
negative;
regression on CT
(a) FDG-avid or
PET positive prior
to therapy; PET
positive at prior
sites of disease
and no new sites
on CT or PET

Not palpable,
nodules
disappeared

=50% decrease in
SPD of nodules
(for single nodule
in greatest
transverse
diameter); no
increase in size of
liver or spleen

Infiltrate cleared on
repeat biopsy; if
indeterminate by
morphology,
immunohistochemistry
should be negative

Irrelevant if positive

prior to therapy; cell type

should be specified
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-continued
Response  Definition Nodal Masses Spleen, liver Bone Marrow
(b) Variably FDG-
avid or PET
negative; no
change in size of
previous lesions
on CT
PD or Any new lesion or Appearance of a =50% increase New or recurrent
relapsed  increase by =50% of  new lesion(s) =1.5 from nadir in the involvement
disease previously involved cm in any axis, =250% SPD of any
sites from nadir increase in SPD previous lesions
of more than
one node,
or =50% increase
in longest
diameter of a
previously
identifed node =1
cm in short axis
Lesions PET
positive if FDG-
avid lymphoma or
PET positive prior
to therapy
Abbreviations: CR, complete ren.lis.sion; FDG, ['*F]fluo- %° -continued
rodeoxyglucose; PET, positron emission tomography; CT,
computed tomography; PR, partial remission; SPD, sum of End point Patients  Definition Measured from
the product of the diameters; SD, stable disease; PD, pro- )
ive di Lymphoma- All Time to death as a Entry onto
gressive disease. specific result of lymphoma study
30 .
survival
Time to next All Time to new treatment End of primary
End point Patients  Definition Measured from treatment treatment
Primary Abbreviations: CR: complete remission: PR: partial remission.
Overall survival All Death as a result Entry onto 3 In one embodiment, the end point for lymphoma is
. of any cause study evidence of clinical benefit. Clinical benefit may reflect
Progression-free All Disease progression Entry onto . . . . . . .
. improvement in quality of life, or reduction in patient
survival or death as a result study X . X .
of any cause symptoms, transfusion requirements, frequent infections, or
Secondary 0 other parameters. Time to reappearance or progression of
Event-free All Failure of treatment  Entry onto lyrpphoma-related symptoms can also be used in this end
survival or death as result study point.

. of any cause In certain embodiments, the treatment of CLL may be
Time to. All Time to progression  Entry onto assessed by the International Workshop Guidelines for CLL
progression or death as a result study RS

of lymphoma 45 (see Hallek M, Cheson B D, Catovsky D, et al. Guidelines
Disease-free In CR Time to relapse or Documentation for the diagnosis and treatment of chronic lymphocytic
survival dﬁﬂl w result of response leukemia: a report from the International Workshop on
of lymphoma or acute Chronic Lymphocytic Leukemia updating the National Can-
toxicity of treatment ! / ) ;
Response In CR or Time to relapse or Documentation cer Instltute-Workmg GrOUP 1996 gUIdehneS~ Blood, 2008;
duration PR progression of response (111) 12: 5446-5456) using the response and endpoint
definitions shown therein and in particular:
Parameter CR PR PD
Group A
Lymphadenopathy?  None >1.5 cm Decrease =50% Increase =50%
Hepatomegaly None Decrease =50% Increase =50%
Splenomegaly None Decrease =50% Increase =50%
Blood lymphocytes  <4000/uL. Decrease =50% Increase =50%

Marrow}

Normocellular, <30%
lymphocytes, no
B-lymphoid

nodules.
Hypocellular
marrow defines

CRi (5.1.6).

from baseline

50% reduction in
marrow infiltrate, or
B-lymphoid nodules

over baseline
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12

-continued

Parameter CR PR PD

Group B

Platelet count >100000/uL >100000/uL. or Decrease of =50%
increase =50% over from baseline
baseline secondary to CLL

Hemoglobin >11.0 g/dL. >11 g/dL or Decrease of >2 g/dL.
increase =50% over from baseline
baseline secondary to CLL

Neutrophils? >1500/uL >1500/uL or >50%

improvement over
baseline

Group A criteria define the tumor load; Group B criteria
define the function of the hematopoietic system (or marrow).
CR (complete remission): all of the criteria have to be met,
and patients have to lack disease-related constitutional
symptoms; PR (partial remission): at least two of the criteria
of group A plus one of the criteria of group B have to be met;
SD is absence of progressive disease (PD) and failure to
achieve at least a PR; PD: at least one of the above criteria
of group A or group B has to be met. Sum of the products
of multiple lymph nodes (as evaluated by CT scans in

15

20

clinical trials, or by physical examination in general prac-
tice). These parameters are irrelevant for some response
categories.

In certain embodiments, the treatment of multiple
myeloma may be assessed by the International Uniform
Response Criteria for Multiple Myeloma (IURC) (see Durie
B G M, Harousseau J-L, Miguel I S, et al. International
uniform response criteria for multiple myeloma. Leukemia,
2006; (10) 10: 1-7), using the response and endpoint defi-
nitions shown below:

Response
Subcategory

Response Criteria®

sCR

CR

VGPR

PR

SD (not

CR as defined below plus

Normal FLC ratio and

Absence of clonal cells in bone marrow? by immunchistochemistry
or immunofluorescence®

Negative immunofixation on the serum and urine and

Disappearance of any soft tissue plasmacytomas and <5%

plasma cells in bone marrow®

Serum and urine M-protein detectable by immunofixation but not on
electrophoresis or 90% or greater reduction in serum M-protein plus
urine M-protein level <100 mg per 24 h

=50% reduction of serum M-protein and reduction in 24-h urinary
M-protein by =90% or to <200 mg per 24 h

If the serum and urine M-protein are unmeasurable,? a =50%
decrease in the difference between involved and uninvolved FLC
levels is required in place of the M-protein criteria

If serum and urine M-protein are unmeasurable, and serum free light
assay is also unmeasurable, =50% reduction in plasma cells is
required in place of M-protein, provided baseline bone marrow
plasma cell percentage was =30%

In addition to the above listed criteria, if present at baseline, a =250%
reduction in the size of soft tissue plasmacytomas is also required
Not meeting criteria for CR, VGPR, PR or progressive disease

recommended for use
as an indicator of
response; stability
of disease is best
described by providing
the time to progression

estimates)

Abbreviations:

CR, complete response;

FLC, free light chain;

PR, partial response;
SD, stable disease;
sCR, stringent complete response;
VGPR, very good partial response;

“All response catagories require two consecutive assessments made at anytime before the institution of any new
thearapy; all catagories also require no known evidence of progressive or new bone lesions if radiographic studies
were performed. Radiographics studies are not required to satisfy these response requirements;

5Confirmation will repeat bone marrow biopsy not needed;

“Presence/absence of clonal cells is based upon the /A ratio. An abnormal K/A ratio by immunohistochemistry
and/or immunofluorescence requires a minimum of 100 plasma cells for analysis. An abnormal ratio reflecting
presence of an abnormal clone is k/A of >4:1 or <1:2.

?Measurable discase defined by at least one of the following measurements: Bone marrow plasma cells >30%;
Serum M-protein >1 g/dl (=10 gm/)[10 g/1]; Urine m-protein >200 mg/24 h; Serum FLC assay: Involved FLC
level >10 mg/dl (=100 mg/1); provided serum FLC ratio is abnormal.
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In certain embodiments, the treatment of a cancer may be
assessed by Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) (see Thereasse P, et al. New Guidelines to
Evaluate the Response to Treatment in Solid Tumors. J. of
the National Cancer Institute; 2000; (92) 205-216 and Eisen-
hauver E. A., Therasse P., Bogaerts J., et al. New response
evaluation criteria in solid tumours: Revised RECIST guide-
line (version 1.1). European J. Cancer; 2009; (45) 228-247).
Overall responses for all possible combinations of tumor
responses in target and non-target lesions with our without
the appearance of new lesions are as follows:

Target lesions Non-target lesions New lesions Overall response

CR CR No CR
CR Incomplete No PR
response/SD
PR Non-PD No PR
SD Non-PD No SD
PD Any Yes or no PD
Any PD Yes or no PD
Any Any Yes PD

CR = complete response; PR = partial response; SD = stable disease; and PD = progressive
disease.

With respect to the evaluation of target lesions, complete
response (CR) is the disappearance of all target lesions,
partial response (PR) is at least a 30% decrease in the sum
of the longest diameter of target lesions, taking as reference
the baseline sum longest diameter, progressive disease (PD)
is at least a 20% increase in the sum of the longest diameter
of target lesions, taking as reference the smallest sum
longest diameter recorded since the treatment started or the
appearance of one or more new lesions and stable disease
(SD) is neither sufficient shrinkage to qualify for partial
response nor sufficient increase to qualify for progressive
disease, taking as reference the smallest sum longest diam-
eter since the treatment started.

With respect to the evaluation of non-target lesions,
complete response (CR) is the disappearance of all non-
target lesions and normalization of tumor marker level;
incomplete response/stable disease (SD) is the persistence of
one or more non-target lesion(s) and/or the maintenance of
tumor marker level above the normal limits, and progressive
disease (PD) is the appearance of one or more new lesions
and/or unequivocal progression of existing non-target
lesions.

The procedures, conventions, and definitions described
below provide guidance for implementing the recommen-
dations from the Response Assessment for Neuro-Oncology
(RANO) Working Group regarding response criteria for
high-grade gliomas (Wen P., Macdonald, D R., Reardon, D
A, etal. Updated response assessment criteria for highgrade
gliomas: Response assessment in neuro-oncology working
group. J Clin Oncol 2010; 28: 1963-1972). Primary modi-
fications to the RANO criteria for Criteria for Time Point
Responses (TPR) can include the addition of operational
conventions for defining changes in glucocorticoid dose, and
the removal of subjects’ clinical deterioration component to
focus on objective radiologic assessments. The baseline
MRI scan is defined as the assessment performed at the end
of the post-surgery rest period, prior to re-initiating com-
pound treatment. The baseline MRI is used as the reference
for assessing complete response (CR) and partial response
(PR). Whereas, the smallest SPD (sum of the products of
perpendicular diameters) obtained either at baseline or at
subsequent assessments will be designated the nadir assess-
ment and utilized as the reference for determining progres-
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sion. For the 5 days preceding any protocol-defined MRI
scan, subjects receive either no glucocorticoids or are on a
stable dose of glucocorticoids. A stable dose is defined as the
same daily dose for the 5 consecutive days preceding the
MRI scan. If the prescribed glucocorticoid dose is changed
in the 5 days before the baseline scan, a new baseline scan
is required with glucocorticoid use meeting the criteria
described above. The following definitions will be used.

Measurable Lesions: Measurable lesions are contrast-
enhancing lesions that can be measured bidimensionally. A
measurement is made of the maximal enhancing tumor
diameter (also known as the longest diameter, LD). The
greatest perpendicular diameter is measured on the same
image. The cross hairs of bidimensional measurements
should cross and the product of these diameters will be
calculated.

Minimal Diameter: T1-weighted image in which the
sections are 5 mm with 1 mm skip. The minimal LD of a
measurable lesion is set as S mm by 5 mm. Larger diameters
may be required for inclusion and/or designation as target
lesions. After baseline, target lesions that become smaller
than the minimum requirement for measurement or become
no longer amenable to bidimensional measurement will be
recorded at the default value of 5 mm for each diameter
below 5 mm. Lesions that disappear will be recorded as 0
mm by 0 mm.

Multicentric Lesions: Lesions that are considered multi-
centric (as opposed to continuous) are lesions where there is
normal intervening brain tissue between the two (or more)
lesions. For multicentric lesions that are discrete foci of
enhancement, the approach is to separately measure each
enhancing lesion that meets the inclusion criteria. If there is
no normal brain tissue between two (or more) lesions, they
will be considered the same lesion.

Nonmeasurable Lesions: All lesions that do not meet the
criteria for measurable disease as defined above will be
considered non-measurable lesions, as well as all nonen-
hancing and other truly nonmeasurable lesions. Nonmeasur-
able lesions include foci of enhancement that are less than
the specified smallest diameter (i.e., less than 5 mm by 5
mm), nonenhancing lesions (e.g., as seen on T1-weighted
post-contrast, T2-weighted, or fluid-attenuated inversion
recovery (FLAIR) images), hemorrhagic or predominantly
cystic or necrotic lesions, and leptomeningeal tumor. Hem-
orrhagic lesions often have intrinsic T1-weighted hyperin-
tensity that could be misinterpreted as enhancing tumor, and
for this reason, the pre-contrast T1-weighted image may be
examined to exclude baseline or interval sub-acute hemor-
rhage.

At baseline, lesions will be classified as follows: Target
lesions: Up to 5 measurable lesions can be selected as target
lesions with each measuring at least 10 mm by 5 mm,
representative of the subject’s disease; Non-target lesions:
All other lesions, including all nonmeasurable lesions (in-
cluding mass effects and T2/FLAIR findings) and any mea-
surable lesion not selected as a target lesion. At baseline,
target lesions are to be measured as described in the defi-
nition for measurable lesions and the SPD of all target
lesions is to be determined. The presence of all other lesions
is to be documented. At all post-treatment evaluations, the
baseline classification of lesions as target and non-target
lesions will be maintained and lesions will be documented
and described in a consistent fashion over time (e.g.,
recorded in the same order on source documents and
eCRFs). All measurable and nonmeasurable lesions must be
assessed using the same technique as at baseline (e.g.,
subjects should be imaged on the same MRI scanner or at
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least with the same magnet strength) for the duration of the
study to reduce difficulties in interpreting changes. At each
evaluation, target lesions will be measured and the SPD
calculated. Non-target lesions will be assessed qualitatively
and new lesions, if any, will be documented separately. At
each evaluation, a time point response will be determined for
target lesions, non-target lesions, and new lesion. Tumor
progression can be established even if only a subset of
lesions is assessed. However, unless progression is
observed, objective status (stable disease, PR or CR) can
only be determined when all lesions are assessed.

Confirmation assessments for overall time point
responses of CR and PR will be performed at the next
scheduled assessment, but confirmation may not occur if
scans have an interval of <28 days. Best response, incorpo-
rating confirmation requirements, will be derived from the
series of time points.

5.2 Compound 1

The amorphous form, formulations and methods of use
provided herein relate to Compound 1:

NH

having the name 4-((4-(Cyclopentyloxy)-5-(2-methyl-
benzo[d]oxazol-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-2-y1)
amino)-3-methoxy-N-methylbenzamide, including tautom-
ers thereof.

Compound 1 can be prepared using reagents and methods
known in the art, including the methods provided in U.S.
patent application Ser. No. 14/155,485, filed on Jan. 15,
2014, the entire content of which is incorporated herein by
reference.

It should be noted that if there is a discrepancy between
a depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addi-
tion, if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed
lines, the structure or portion of the structure is to be
interpreted as encompassing all stereoisomers of it.

5.3 Solid Forms of Compound 1

Solid forms of Compound 1 may be characterized using
a number of methods known to a person skilled in the art,
including, but not limited to, X-ray powder diffraction
(XRPD), microscopy (e.g., scanning electron microscopy
(SEM)) and thermal analysis (e.g., differential scanning
calorimetry (DSC). The particle size and size distribution of
the solid form provided herein may be determined by
conventional methods, such as laser light scattering tech-
nique.

It should be understood that the numerical values of the
peaks of an X-ray powder diffraction pattern may vary
slightly from one machine to another or from one sample to
another, and so the values quoted are not to be construed as
absolute, but with an allowable variability, such as +0.2°20
(see United State Pharmacopoeia, page 2228 (2003)).
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5.3.1 Amorphous Form

In certain embodiments, provided herein is an amorphous
form of Compound 1. In one embodiment, the amorphous
form is an anhydrous solid form of Compound 1.

In one embodiment, the amorphous form has an X-ray
powder diffraction pattern substantially as shown in FIG. 1.
In one embodiment, the amorphous form has one charac-
teristic X-ray halo as depicted in FIG. 1.

In one embodiment, provided herein is an amorphous
form of Compound 1 having a DSC thermogram substan-
tially as depicted in FIG. 2A or FIG. 2B. In one embodiment,
the DSC thermogram comprising a glass transition or melt-
ing event between about 100° C. to about 135° C. In one
embodiment, the DSC thermogram comprises a glass tran-
sition or melting event between about 125° C. to about 135°
C. (for example, about 132.5° C. as in FIG. 2A) when heated
from approximately 0° C. to approximately 200° C. In
another embodiment, the DSC thermogram comprises a
glass transition or melting event between about 100° C. to
about 110° C. (for example, about 106° C. as in FIG. 2B)
when heated from approximately —-25° C. to approximately
200° C. In one embodiment, the DSC thermogram com-
prises an exotherm between about 163° C. and about 168°
C., for example at about 163° C. or at about 168° C. Without
being limited by theory, it is believed that due to the
relatively high glass event and/or melting temperature of the
amorphous form of Compound 1, the amorphous form of
Compound 1 is stable, such that it does not readily convert
to a crystalline form.

In one embodiment, the amorphous form has a SEM
digital image substantially as shown in FIG. 3A or FIG. 3B.

In one embodiment, the amorphous form has a particle
size distribution pattern substantially as shown in FIG. 4A,
FIG. 4B or FIG. 4C. In some embodiments, the amorphous
form has a particle size distribution between about 0.1 um
and about 60 um. In some embodiments, the amorphous
form has a particle size distribution between about 0.2 um
and about 30 um. In still others, the amorphous form has a
particle size distribution between about 0.1 um and about 0.5
um. In some embodiments, the amorphous form has a
particle size distribution with 90% of the particles having an
average diameter of about 10 um. In some embodiments, the
amorphous form has a particle size below about 10 um. In
some embodiments, the amorphous form has a particle size
distribution with 90% of the particles having an average
diameter of about 16 um. In some embodiments, the amor-
phous form has a particle size below about 16 pm. In still
other embodiments, the amorphous form has a particle size
distribution with 90% of the particles having an average
diameter of about 22 um. In some embodiments, the amor-
phous form has a particle size belowabout 22 pm.

In one embodiment, the amorphous form has no signifi-
cant changes in its HPL.C purity over 3 months substantially
as shown in FIG. 6. In some such embodiments, the change
in HPLC purity is less than about 0.5% decrease in HPL.C
purity over 3 months. In others, the change in HPLC purity
is less than about 0.25% or less than about 0.3% decrease in
HPLC purity over 3 months.

In one embodiment, the amorphous form has no signifi-
cant changes in its XRPD over 3 months substantially as
shown in FIG. 7.

In still another embodiment, the amorphous form is
substantially pure. In certain embodiments, the substantially
pure amorphous form is substantially free of other solid
forms. In certain embodiments, the purity of the substan-
tially pure amorphous form is no less than about 95%, no
less than about 96%, no less than about 97%, no less than
about 98%, no less than about 98.5%, no less than about
99%, no less than about 99.5%, or no less than about 99.8%.
In certain embodiments, the amorphous form of Compound
1 provided herein is substantially non-crystalline. In certain



US 9,434,735 B2

17

embodiments, the amorphous form of Compound 1 provided
herein is non-crystalline. In certain embodiments, the amor-
phous form of Compound 1 provided herein is non-crystal-
line as determined by X-ray diffraction.

5.4 Methods of Manufacture

In certain embodiments, the amorphous form provided
herein can be obtained by a spray-drying process of Com-
pound 1 substantially as shown in FIG. 5. In certain embodi-
ments, the spray-drying process comprises 1) mixing Com-
pound 1 with a solvent (e.g., methanol); 2) heating the
mixture to a certain temperature (e.g., about 110-130° C. or
about 121° C.); 3) spray-drying the mixture; and 4) collect-
ing resulting solids. In certain embodiments, the spray-
drying process comprises 1) mixing Compound 1 with
methanol; 2) heating the mixture to about 121° C.; 3)
spray-drying the mixture; and 4) collecting resulting solids.
In another embodiment, the spray-drying process comprises
1) mixing of Compound 1 in acetone; 2) spray-drying the
solution and 3) collecting resulting solids. Without being
limited by theory, while the amorphous form of Compound
1 was obtained using spray-drying techniques provided
herein, standard evaporation methods did not provide the
amorphous form of Compound 1.

5.5 Methods of Use

The amorphous form of Compound 1 has utility as a
pharmaceutical to treat, prevent or improve cancer in ani-
mals or humans. Accordingly, provided herein are uses of
the amorphous form of Compound 1, including the treat-
ment or prevention of those cancers set forth herein. The
methods provided herein comprise the administration of an
effective amount of the amorphous form of Compound 1 to
a subject in need thereof.

In another aspect provided herein are methods for treating
or preventing a cancer, comprising administering to a sub-
ject in need thereof an effective amount of the amorphous
form of Compound 1, as described herein. In some embodi-
ments, the cancer is a solid tumor or a hematological tumor.
In some embodiments, the cancer is triple negative breast
cancer (INBC). In another aspect, provided herein is the
amorphous form of Compound 1 for use in methods for
treating or preventing cancer.

In some embodiments, the solid tumor is bladder cancer
(including superficial bladder cancer), breast cancer (includ-
ing luminal B type, ER+, PR+ and Her2+breast cancer),
central nervous system cancer (including glioblastoma mul-
tiforme (GBM), glioma, medulloblastoma, and astrocy-
toma), colorectal cancer, gastrointestinal cancer (including
stomach cancer, oesophagus cancer, and rectum cancer),
endocrine cancer (including thyroid cancer, and adrenal
gland cancer), eye cancer (including retinoblastoma), female
genitourinary cancer (including cancer of the placenta,
uterus, vulva, ovary, cervix), head and neck cancer (includ-
ing cancer of the pharynx, oesophagus, and tongue), liver
cancer, lung cancer (including non-small cell lung cancer
(NSCLC), small cell lung cancer (SCLC), mucoepidermoid,
bronchogenic, squamous cell carcinoma (SQCC), and anal-
plastic/NSCLC), skin cancer (including melanoma, and
SQCQ), soft tissue cancer (including sarcoma, Ewing’s
sarcoma, and rhabdomyosarcoma), bone cancer (including
sarcoma, Ewing’s sarcoma, and osteosarcoma), squamous
cell cancer (including lung, esophageal, cervical, and head
and neck cancer), pancreas cancer, kidney cancer (including
renal Wilm’s tumor and renal cell carcinoma), or prostate
cancer. In some embodiments, the solid tumor is triple
negative breast cancer. In some embodiments, the solid
tumor is breast cancer, colon cancer, lung cancer or bladder
cancer. In one such embodiment, the solid tumor is super-
ficial bladder cancer. In another, the solid tumor is lung
squamous cell carcinoma. In yet another embodiment, the
solid tumor is luminal B type breast cancer.
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In some embodiments, the hematological cancer is leu-
kemia (including acute lymphocytic leukemia (ALL),
chronic myeloid leukemia (CML), acute T-cell leukemia, B
cell precursor leukemia, acute promyelocytic leukemia
(APML), plasma cell leukemia, myelomonoblastic/T-ALL,
B myelomonocytic leukemia, erythroleukemia, and acute
myeloid leukemia (AML)), lymphoma (including Hodg-
kin’s lymphoma, non-Hodgkin’s lymphoma (NHL),
Burkitt’s lymphoma (BL), B cell lymphoma, lymphoblastic
lymphoma, follicular lymphoma (FL), diffuse large B-cell
lymphoma (DLBCL), and large cell immunoblastic lym-
phoma). In some embodiments the cancer is multiple
myeloma.

In some embodiments, provided herein are methods for
preventing cancer metastasis, comprising administering to a
subject in need thereof an effective amount of an amorphous
form of Compound 1, as described herein. In some embodi-
ments, the cancer is a metastatic cancer, in particular, a
metastatic solid tumor or metastatic hematologic cancer,
wherein the solid tumor and hematologic cancer is as
described herein. In other embodiments, provided herein are
methods of preventing cancer metastasis, comprising admin-
istering to a subject in need thereof an effective amount of
an amorphous form of Compound 1, as described herein. In
yet another aspect, provided herein are methods of eradi-
cating cancer stem cells in a subject, comprising adminis-
tering to a subject in need thereof an effective amount of an
amorphous form of Compound 1, as described herein. In
other embodiments, provided herein are methods of induc-
ing differentiation in cancer stem cells in a subject, com-
prising administering to a subject in need thereof an effective
amount of an amorphous form of Compound 1, as described
herein. In other embodiments, provided herein are methods
of inducing cancer stem cell death in a subject, comprising
administering to a subject in need thereof an effective
amount of an amorphous form of Compound 1, as described
herein. In some such embodiments, the cancer is a solid
tumor, for example a CNS cancer (e.g. GBM) or breast
cancer, or a hematological cancer, such as leukemia. In some
embodiments, provided herein is the amorphous form of
Compound 1 for use in methods for preventing cancer
metastasis.

In one embodiment, provided herein are methods for
achieving a Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) of complete response, partial response or
stable disease in a patient comprising administering an
effective amount of an amorphous form of Compound 1 to
a patient having a cancer, in particular a solid tumor as
described herein. In another embodiment, provided herein
are methods to increase Progression Free Survival rates, as
determined by Kaplan-Meier estimates. In one embodiment,
provided herein is the amorphous form of Compound 1 for
use in methods for achieving a Response Evaluation Criteria
in Solid Tumors (RECIST 1.1) of complete response, partial
response or stable disease in a patient.

In one embodiment, provided herein are methods for
preventing or delaying a Response Evaluation Criteria in
Solid Tumors (RECIST 1.1) of progressive disease in a
patient, comprising administering an effective amount of an
amorphous form of Compound 1 to a patient having a solid
tumor as described herein. In one embodiment the preven-
tion or delaying of progressive disease is characterized or
achieved by a change in overall size of the target lesions, of
for example, between -30% and +20% compared to pre-
treatment. In another embodiment, the change in size of the
target lesions is a reduction in overall size of more than 30%,
for example, more than 50% reduction in target lesion size
compared to pre-treatment. In another, the prevention is
characterized or achieved by a reduction in size or a delay
in progression of non-target lesions compared to pre-treat-
ment. In one embodiment, the prevention is achieved or
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characterized by a reduction in the number of target lesions
compared to pre-treatment. In another, the prevention is
achieved or characterized by a reduction in the number or
quality of non-target lesions compared to pre-treatment. In
one embodiment, the prevention is achieved or characterized
by the absence or the disappearance of target lesions com-
pared to pre-treatment. In another, the prevention is achieved
or characterized by the absence or the disappearance of
non-target lesions compared to pre-treatment. In another
embodiment, the prevention is achieved or characterized by
the prevention of new lesions compared to pre-treatment. In
yet another embodiment, the prevention is achieved or
characterized by the prevention of clinical signs or symp-
toms of disease progression compared to pre-treatment, such
as cancer-related cachexia or increased pain. In one embodi-
ment, provided herein is the amorphous form of Compound
1 for use in methods for preventing or delaying a Response
Evaluation Criteria in Solid Tumors (RECIST 1.1) of pro-
gressive disease in a patient.

In certain embodiments, provided herein are methods for
decreasing the size of target lesions in a patient compared to
pre-treatment, comprising administering an effective
amount of an amorphous form of Compound 1 to a patient
having a cancer, in particular a solid tumor as described
herein. In certain embodiments, provided herein is an amor-
phous form of Compound 1 for use in the methods for
decreasing the size of target lesions in a patient compared to
pre-treatment.

In certain embodiments, provided herein are methods for
decreasing the size of a non-target lesion in a patient
compared to pre-treatment, comprising administering an
effective amount of an amorphous form of Compound 1 to
a patient having a cancer, in particular a solid tumor as
described herein. In certain embodiments, provided herein is
an amorphous form of Compound 1 for use in methods for
decreasing the size of a non-target lesion in a patient
compared to pre-treatment.

In certain embodiments, provided herein are methods for
achieving a reduction in the number of target lesions in a
patient compared to pre-treatment, comprising administer-
ing an effective amount of an amorphous form of Compound
1 to a patient having a cancer, in particular a solid tumor as
described herein. In certain embodiments, provided herein is
an amorphous form of Compound 1 for use in methods for
achieving a reduction in the number of target lesions in a
patient compared to pre-treatment.

In certain embodiments, provided herein are methods for
achieving a reduction in the number of non-target lesions in
a patient compared to pre-treatment, comprising adminis-
tering an effective amount of an amorphous form of Com-
pound 1 to a patient having a cancer, in particular a solid
tumor as described herein. In certain embodiments, provided
herein is an amorphous form of Compound 1 for use in a
method for achieving a reduction in the number of non-
target lesions in a patient compared to pre-treatment.

In certain embodiments, provided herein are methods for
achieving an absence of all target lesions in a patient,
comprising administering an effective amount of an amor-
phous form of Compound 1 to a patient having a cancer, in
particular a solid tumor as described herein. In certain
embodiments, provided herein is an amorphous form of
Compound 1 for use in methods for achieving an absence of
all target lesions in a patient.

In certain embodiments, provided herein are methods for
achieving an absence of all non-target lesions in a patient,
comprising administering an effective amount of an amor-
phous form of Compound 1 to a patient having a cancer, in
particular a solid tumor as described herein. In certain
embodiments, provided herein is an amorphous form of
Compound 1 for use in methods for achieving an absence of
all non-target lesions in a patient.
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In certain embodiments, provided herein are methods for
treating a cancer, in particular a solid tumor as described
herein, the methods comprising administering an effective
amount of an amorphous form of Compound 1 to a patient
having a cancer, in particular a solid tumor, wherein the
treatment results in a complete response, partial response or
stable disease, as determined by Response Evaluation Cri-
teria in Solid Tumors (RECIST 1.1). In certain embodi-
ments, provided herein is an amorphous form of Compound
1 for use in methods for treating a cancer, in particular a
solid tumor as described herein.

In certain embodiments, provided herein are methods for
treating a cancer, in particular a solid tumor as described
herein, the methods comprising administering an effective
amount of an amorphous form of Compound 1 to a patient
having a cancer, in particular a solid tumor as described
herein, wherein the treatment results in a reduction in target
lesion size, a reduction in non-target lesion size and/or the
absence of new target and/or non-target lesions, compared to
pre-treatment. In certain embodiments, provided herein is an
amorphous form of Compound 1 for use in methods for
treating a cancer, in particular a solid tumor as described
herein.

In certain embodiments, provided herein are methods for
treating a cancer, in particular a solid tumor as described
herein, the methods comprising administering an effective
amount of an amorphous form of Compound 1 to a patient
having a cancer, in particular a solid tumor as described
herein, wherein the treatment results in prevention or retard-
ing of clinical progression, such as cancer-related cachexia
or increased pain. In certain embodiments, provided herein
is an amorphous form of Compound 1 for use in methods for
treating a cancer, in particular a solid tumor as described
herein.

In another embodiment, provided herein are methods for
inducing a therapeutic response characterized with the Inter-
national Workshop Criteria (IWC) for NHL (see Cheson B
D, Pfistner B, Juweid, M E, et. al. Revised Response Criteria
for Malignant Lymphoma. J. Clin. Oncol: 2007: (25) 579-
586) of a patient, comprising administering an effective
amount of an amorphous form of Compound 1 to a patient
having a cancer, in particular hematological cancers such as
lymphoma, as described herein. In another embodiment,
provided herein are methods for achieving complete remis-
sion, partial remission or stable disease, as determined by
the International Workshop Criteria (IWC) for NHL in a
patient, comprising administering an effective amount of an
amorphous form of Compound 1 to a patient having a
cancer, in particular hematological cancers such as lym-
phoma, as described herein. In another embodiment, pro-
vided herein are methods for achieving an increase in overall
survival, progression-free survival, event-free survival, time
to progression, disease-free survival or lymphoma-free sur-
vival as determined by the International Workshop Criteria
(IWC) for NHL in a patient, comprising administering an
effective amount of an amorphous form of Compound 1 to
a patient having a cancer, in particular hematological can-
cers such as lymphoma, as described herein. In another
embodiment, provided herein is an amorphous form of
Compound 1 for use in methods for inducing a therapeutic
response characterized with the International Workshop Cri-
teria (IWC) for NHL of a patient.

In another embodiment, provided herein are methods for
inducing a therapeutic response assessed with the Interna-
tional Uniform Response Criteria for Multiple Myeloma
(IURC) (see Durie B G M, Harousseau J-L, Miguel J S, et
al. International uniform response criteria for multiple
myeloma. Leukemia, 2006; (10) 10: 1-7) of a patient,
comprising administering an effective amount of an amor-
phous form of Compound 1 to a patient having a cancer, in
particular multiple myeloma. In another embodiment, pro-
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vided herein are methods for achieving a stringent complete
response, complete response, or very good partial response,
as determined by the International Uniform Response Cri-
teria for Multiple Myeloma (IURC) in a patient, comprising
administering an effective amount of an amorphous form of
Compound 1 to a patient having a cancer, in particular
multiple myeloma. In another embodiment, provided herein
are methods for achieving an increase in overall survival,
progression-free survival, event-free survival, time to pro-
gression, or disease-free survival in a patient, comprising
administering an effective amount of an amorphous form of
Compound 1 to a patient having a cancer, in particular
multiple myeloma. In another embodiment, provided herein
is an amorphous form of Compound 1 for use in methods for
inducing a therapeutic response assessed with the Interna-
tional Uniform Response Criteria for Multiple Myeloma
(IURC) of a patient.

In another embodiment, provided herein are methods for
inducing a therapeutic response assessed with the Response
Assessment for Neuro-Oncology (RANO) Working Group
for GBM (see Wen P., Macdonald, D R., Reardon, D A., et
al. Updated response assessment criteria for highgrade
gliomas: Response assessment in neuro-oncology working
group. J. Clin. Oncol. 2010; 28: 1963-1972) of a patient,
comprising administering an effective amount of an amor-
phous form of Compound 1 to a patient having a cancer, in
particular glioblastoma multiforme (GBM). In one embodi-
ment, RANO will be used to establish the proportion of
subjects progression-free at 6 months from Day 1 relative to
efficacy evaluable subjects in the GBM type. In another
embodiment, provided herein is an amorphous form of
Compound 1 for use in methods for inducing a therapeutic
response assessed with the Response Assessment for Neuro-
Oncology (RANO) Working Group for GBM of a patient.

In another embodiment, provided herein are methods for
improving the Eastern Cooperative Oncology Group Per-
formance Status (ECOG) of a patient, comprising adminis-
tering an effective amount of an amorphous form of Com-
pound 1 to a patient having a cancer, in particular a solid
tumor or hematological cancer as described herein. In
another embodiment, provided herein is an amorphous form
of Compound 1 for use in methods for improving the Eastern
Cooperative Oncology Group Performance Status (ECOG)
of a patient.

In another embodiment, provided herein are methods for
inducing a therapeutic response assessed by Positron Emis-
sion Tomography (PET) outcome of a patient, comprising
administering an effective amount of an amorphous form of
Compound 1 to a patient having a cancer, in particular a
solid tumor or hematological cancer as described herein. In
certain embodiments, provided herein are methods for treat-
ing a cancer, in particular a solid tumor or hematological
cancer as described herein, the methods comprising admin-
istering an effective amount of an amorphous form of
Compound 1 to a patient having a cancer, in particular a
solid tumor or hematological cancer as described herein,
wherein the treatment results in a reduction in tumor meta-
bolic activity, for example, as measured by PET imaging. In
another embodiment, provided herein is an amorphous form
of Compound 1 for use in methods for inducing a therapeutic
response assessed by Positron Emission Tomography (PET)
outcome of a patient.

Further provided herein are methods for treating patients
who have been previously treated for a cancer, in particular
a solid tumor or a hematological cancer as described herein,
as well as those who have not previously been treated.
Because patients with a cancer have heterogenous clinical
manifestations and varying clinical outcomes, the treatment
given to a patient may vary, depending on his/her prognosis.
The skilled clinician will be able to readily determine
without undue experimentation specific secondary agents,
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types of surgery, and types of non-drug based standard
therapy that can be effectively used to treat an individual
patient with a cancer. Further provided herein is an amor-
phous form of Compound 1 for use in methods for treating
patients who have been previously treated for a cancer, in
particular a solid tumor or a hematological cancer as
described herein, as well as those who have not previously
been treated.

5.6 Pharmaceutical Compositions and Routes of Admin-
istration

The amorphous form of Compound 1 can be administered
to a subject parenterally in the conventional form of prepa-
rations, such as injections, suspensions, solutions and emul-
sions. Vehicles that can be useful, either alone or in com-
bination, to provide intravenous formulations of the
amorphous form of Compound 1 include, but are not limited
to: Water for Injection USP; aqueous vehicles such as, but
not limited to, Sodium Chloride Injection, Ringer’s Injec-
tion, Dextrose Injection, Dextrose and Sodium Chloride
Injection, and Lactated Ringer’s Injection; water-miscible
vehicles such as, but not limited to, ethyl alcohol, polyeth-
ylene glycol, and polypropylene glycol; and non-aqueous
vehicles such as, but not limited to, corn oil, cottonseed oil,
peanut oil, sesame oil, ethyl oleate, isopropyl myristate, and
benzyl benzoate. An intravenous formulation can be pre-
pared by reconstituting the amorphous form of Compound 1
with such a suitable liquid vehicle. A desired concentration
of the intravenous formulation can be obtained by reconsti-
tuting an appropriate amount of the amorphous form of
Compound 1 with an appropriate volume of liquid vehicle.
A desired concentration of the intravenous formulation
provides a therapeutically effective amount of Compound 1
to the patient in need of the intravenous formulation and
maintains a therapeutically effective level of Compound 1 in
the patient. The dose which is therapeutically effective will
depend on the rate at which the intravenous formulation is
delivered to the patient and the concentration of the intra-
venous formulation.

The effective amount of the amorphous form of Com-
pound 1 in the pharmaceutical composition may be at a level
that will exercise the desired effect; for example, about 0.005
mg/kg of a subject’s body weight to about 100 mg/kg of a
subject’s body weight in unit dosage for parenteral admin-
istration.

The dose of the amorphous form of Compound 1 to be
administered to a subject is rather widely variable and can be
subject to the judgment of a health-care practitioner. In
general, the amorphous form of Compound 1 can be admin-
istered one to seven times a week, once every two weeks,
once every three weeks or once every four weeks in a dose
of'about 0.005 mg/kg of a subject’s body weight to about 10
mg/kg of a subject’s body weight in a subject, but the above
dosage may be properly varied depending on the age, body
weight and medical condition of the subject and the type of
administration. In one embodiment, the dose is about 0.01
mg/kg of a subject’s body weight to about 5 mg/kg of a
subject’s body weight, about 0.05 mg/kg of a subject’s body
weight to about 1 mg/kg of a subject’s body weight, about
0.1 mg/kg of a subject’s body weight to about 0.75 mg/kg of
a subject’s body weight or about 0.25 mg/kg of a subject’s
body weight to about 0.5 mg/kg of a subject’s body weight.
In one embodiment, one dose is given per week. In others,
one dose is given two, three or four times per week. In still
others, one dose is given per two weeks, per three weeks or
per four weeks. In any given case, the amount of the
amorphous form of Compound 1 administered will depend
on such factors as the solubility of the active component, the
formulation used and the route of administration.

In another embodiment, provided herein are methods for
the treatment or prevention of a disease or disorder com-
prising the administration of about 0.375 mg/dose to about
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750 mg/dose, about 0.75 mg/dose to about 375 mg/dose,
about 3.75 mg/dose to about 75 mg/dose, about 7.5 mg/dose
to about 55 mg/dose or about 18 mg/dose to about 37
mg/dose of the amorphous form of Compound 1 to a subject
in need thereof.

In another embodiment, provided herein are methods for
the treatment or prevention of a disease or disorder com-
prising the administration of about 1 mg/dose to about 1200
mg/dose, about 10 mg/dose to about 1200 mg/dose, about
100 mg/dose to about 1200 mg/dose, about 400 mg/dose to
about 1200 mg/dose, about 600 mg/dose to about 1200
mg/dose, about 400 mg/dose to about 800 mg/dose or about
600 mg/dose to about 800 mg/dose of the amorphous form
of Compound 1 to a subject in need thereof. In a particular
embodiment, the methods disclosed herein comprise the
administration of 400 mg/dose, 600 mg/dose or 800 mg/dose
of the amorphous form of Compound 1 to a subject in need
thereof. In a particular embodiment, the methods disclosed
herein comprise the administration of 20 mg/dose, 40
mg/dose, 80 mg/dose, 160 mg/dose, 320 mg/dose or 650
mg/dose of the amorphous form of Compound 1 to a subject
in need thereof.

In another embodiment, provided herein are unit dosage
formulations that comprise between about 1 mg and 200 mg,
about 35 mg and about 1400 mg, about 125 mg and about
1000 mg, about 250 mg and about 1000 mg, or about 500 mg
and about 1000 mg of the amorphous form of Compound 1.

In a particular embodiment, provided herein are unit
dosage formulations comprising about 100 mg or 400 mg of
the amorphous form of Compound 1. In a particular embodi-
ment, provided herein are unit dosage formulations com-
prising about 20 mg, about 40 mg, about 80 mg, about 160
mg, about 320 mg or about 650 mg of the amorphous form
of Compound 1.

In another embodiment, provided herein are unit dosage
formulations that comprise 1 mg, 5 mg, 10 mg, 15 mg, 20
mg, 30 mg, 35 mg, 40 mg, 50 mg, 70 mg, 80 mg, 100 mg,
125 mg, 134 mg, 140 mg, 160 mg, 175 mg, 200 mg, 250 mg,
280 mg, 320 mg, 350 mg, 500 mg, 560 mg, 637 mg, 650 mg,
700 mg, 750 mg, 805 mg, 1000 mg or 1400 mg of the
amorphous form of Compound 1.

The amorphous form of Compound 1 can be administered
once, twice, three, four or more times daily. In a particular
embodiment, doses of 600 mg or less are administered as a
once daily dose and doses of more than 600 mg are admin-
istered twice daily in an amount equal to one half of the total
daily dose.

In another embodiment, provided herein are compositions
comprising an effective amount of the amorphous form of
Compound 1 and a pharmaceutically acceptable carrier or
vehicle, wherein a pharmaceutically acceptable carrier or
vehicle can comprise an excipient, diluent, or a mixture
thereof. In one embodiment, the composition is a pharma-
ceutical composition.

The compositions can be in the form of solutions, paren-
teral solutions, and suspensions and the like. Compositions
can be formulated to contain a single dose, or a convenient
fraction of a single dose, in a dosage unit, which may be a
single vial or convenient volume of a liquid. In one embodi-
ment, the solutions are prepared from water-soluble salts,
such as the hydrochloride salt. In general, all of the com-
positions are prepared according to known methods in
pharmaceutical chemistry.

The effect of the amorphous form of Compound 1 can be
delayed or prolonged by proper formulation. The parenteral
preparations can be made long-acting, by dissolving or
suspending the amorphous form of Compound 1 in oily or
emulsified vehicles that allow it to disperse slowly in the
serum.

In one embodiment, provided herein is a pharmaceutical
composition comprising about 0.1-5% by weight of the
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amorphous form of Compound 1, about 50-80% by weight
of polyethylene glycol (PEG), about 5-30% by weight of
ethanol (EtOH) and about 15-45% by weight of saline. In
certain embodiments, pharmaceutical compositions pro-
vided herein contain about 0.05%, about 0.1%, about 0.2%,
about 0.4%, about 0.8% or about 1.63% by weight of the
amorphous form of Compound 1.

In one embodiment, provided herein are pharmaceutical
compositions comprising amorphous form of Compound 1
reconstituted in a solution comprising about 54% by weight
of PEG, about 18% by weight of EtOH and about 28% by
weight of saline. In certain embodiments, the reconstituted
solution comprises about 1-3% by weight of the amorphous
form of Compound 1. In certain embodiments, the recon-
stituted solution comprises about 0.05%, about 0.1%, about
0.2%, about 0.4%, about 0.8% or about 1.63% by weight of
the amorphous form of Compound 1. In a particular embodi-
ment, the reconstituted solution is administered at a volume
of about 40 mL.

In one embodiment, provided herein are pharmaceutical
compositions comprising amorphous form of Compound 1
reconstituted in a solution comprising about 54.1% by
weight of PEG, about 17.7% by weight of EtOH and about
28.2% by weight of saline. In certain embodiments, the
reconstituted solution comprises about 1-3% by weight of
the amorphous form of Compound 1. In certain embodi-
ments, the reconstituted solution comprises about 0.05%,
about 0.1%, about 0.2%, about 0.4%, about 0.8% or about
1.63% by weight of the amorphous form of Compound 1. In
a particular embodiment, the reconstituted solution is
administered at a volume of about 40 mL.

In one embodiment, provided herein are pharmaceutical
compositions comprising amorphous form of Compound 1
reconstituted in a solution comprising about 65.6% by
weight of PEG, about 10.5% by weight of EtOH and about
23.9% by weight of saline. In certain embodiments, the
reconstituted solution comprises about 1-3% by weight of
the amorphous form of Compound 1. In certain embodi-
ments, the reconstituted solution comprises about 1.7% by
weight of the amorphous form of Compound 1.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 0.1 mg to about 1500 mg of
the amorphous form of Compound 1 in about 0.5 g to about
100 g of liquid which comprises about O g to about 60 g of
PEG, about 0 g to about 20 g of EtOH and about 0 g to about
20 g of saline. In certain embodiments, pharmaceutical
compositions provided herein contain about 20 mg, about 40
mg, about 80 mg, about 160 mg, about 320 mg or about 650
mg of the amorphous form of Compound 1.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 0.1 mg to about 1500 mg of
the amorphous form of Compound 1 in about 0.5 g to about
100 g of liquid which comprises about 1 g to about 60 g of
PEG, about 1 g to about 20 g of EtOH and about 1 g to about
20 g of saline. In certain embodiments, pharmaceutical
compositions provided herein contain about 20 mg, about 40
mg, about 80 mg, about 160 mg, about 320 mg or about 650
mg of the amorphous form of Compound 1.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 0.1 mg to about 750 mg of
the amorphous form of Compound 1 in about 0.5 g to about
100 g of liquid which comprises about O g to about 80 g of
PEG, about 0 g to about 20 g of EtOH and about 0 g to about
20 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 0.1 mg to about 750 mg of
the amorphous form of Compound 1 in about 0.5 g to about
100 g of liquid which comprises about 1 g to about 60 g of
PEG, about 1 g to about 20 g of EtOH and about 1 g to about
20 g of saline.
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In one embodiment, provided herein are pharmaceutical
compositions comprising about 500 mg to about 1000 mg of
the amorphous form of Compound 1 in about 3 g to about
75 g of liquid which comprises about 10 g to about 50 g of
PEG, about 1 g to about 10 g of EtOH and about 5 g to about
15 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 50 mg to about 300 mg of
the amorphous form of Compound 1 in about 15 g to about
75 g of liquid which comprises about 10 g to about 50 g of
PEG, about 1 g to about 10 g of EtOH and about 5 g to about
15 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 0.1 mg to about 750 mg of
the amorphous form of Compound 1 in about 25 g to about
55 g of liquid comprising about 15 g to about 40 g of PEG,
about 2.5 g to about 5.5 g of EtOH and about 7.5 g to about
9.5 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 50 mg to about 300 mg of
the amorphous form of Compound 1 in about 25 g to about
45 g of liquid comprising about 15 g to about 30 g of PEG,
about 2.5 g to about 5.5 g of EtOH and about 7.5 g to about
9.5 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 10 mg to about 500 mg of
the amorphous form of Compound 1 in about 3.5 g to about
20 g of liquid which comprises about 1 g to about 10 g of
PEG, about 0.1 g to about 5 g of EtOH and about 0.5 g to
about 5 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 50 mg to about 200 mg of
the amorphous form of Compound 1 in about 6 g to about
11 g of liquid comprising about 4.5 g to about 6.5 g of PEG,
about 0.5 g to about 1.5 g of EtOH and about 1.0 g to about
2.5 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising about 637 mg of the amorphous
form of Compound 1, about 24.3 g of PEG, about 3.9 g of
EtOH and about 8.9 g of saline.

In one embodiment, provided herein are pharmaceutical
compositions comprising the amorphous form of Compound
1 (e.g., about 637 mg or about 134 mg) and about 26.3 g of
PEG, about 4.2 g of EtOH and about 9.6 g of saline.

In certain embodiments, the pharmaceutical compositions
provided herein comprise about 0.1 mg/ml. to about 20
mg/mL of the amorphous form of Compound 1.

In one embodiment, provided herein are pharmaceutical
compositions comprising 0.1 mg/mL to about 20 mg/mL of
the amorphous form of Compound 1 in about 0.5 g to about
100 g of liquid which comprises about O g to about 60 g of
PEG, about 0 g to about 20 g of EtOH and about 0 g to about
20 g of saline. In certain embodiments, pharmaceutical
compositions provided herein contain about 20 mg, about 40
mg, about 80 mg, about 160 mg, about 320 mg or about 650
mg of the amorphous form of Compound 1.

In one embodiment, provided herein are pharmaceutical
compositions comprising 0.1 mg/mL to about 20 mg/mL of
the amorphous form of Compound 1 in about 0.5 g to about
100 g of liquid which comprises about 1 g to about 60 g of
PEG, about 1 g to about 20 g of EtOH and about 1 g to about
20 g of saline. In certain embodiments, pharmaceutical
compositions provided herein contain about 20 mg, about 40
mg, about 80 mg, about 160 mg, about 320 mg or about 650
mg of the amorphous form of Compound 1.

In certain embodiments, PEG used in the pharmaceutical
compositions herein has a molecular weight of about 300
g/mol to about 1000 g/mol. In certain embodiments, PEG
used in the pharmaceutical compositions herein is PEG-300.
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In certain embodiments, the pharmaceutical compositions
provided herein comprise the amorphous form of Compound
1, including the substantially pure amorphous form of Com-
pound 1.

6. EXAMPLES

The following Examples are presented by way of illus-
tration, not limitation. The following abbreviations are used
in descriptions and examples:

DSC: Differential Scanning calorimetry
EtOH: Ethanol
HPLC: High performance liquid chromatography
PEG Polyethylene glycol
XRPD: X-Ray Powder Diffraction
6.1 Analytical Methods

Solid samples were analyzed by XRPD. XRPD analysis
was conducted on a PANalytical Empyrean or a Thermo
ARL X’TRA X-ray powder diffractometer using Cu Ka
radiation at 1.54 A.

The PANalytical Empyrean instrument was equipped with
a fine focus X-ray tube. The voltage and amperage of the
X-ray generator were set at 45 kV and 40 mA, respectively.
The divergence slits were set at Y16° and %°, and the
receiving slits was set at Y16°. Diffracted radiation was
measured using a Pixel 2D detector. A theta-two theta
continuous scan was set at step size 0.013 or 0.026 from 3°
to 40° 20 with sample spinning rate at 4. A sintered alumina
standard was used to check the peak positions.

The Thermo ARL X’TRA instrument was equipped with
a fine focus X-ray tube. The voltage and amperage of the
X-ray generator were set at 45 kV and 40 mA, respectively.
The divergence slits were set at 4 mm and 2 mm and the
measuring slits were set at 0.5 mm and 0.2 mm. Diffracted
radiation was measured using a Peltier-cooled Si (L) solid-
state detector. A theta-two theta continuous scan at 2.40°/
min (0.5 sec/0.02° step) from 1.5° to 40° 20 was used. A
sintered alumina standard was used to check the peak
positions.

DSC analyses were performed on a TA Discovery Dif-
ferential Scanning calorimeter. Indium was used as the
calibration standard. Approximately 2-5 mg of sample was
placed into a DSC pan. The sample was heated under
nitrogen at a rate of 10° C./min, up to a final temperature of
300° C. Melting points were reported as the extrapolated
onset temperatures.

Morphology analysis of the samples was carried out on an
Even Mini SEM. Small amounts of samples were dispersed
on a sample holder, and then coating with gold and viewed
with 500x magnification.

6.2 Preparation of Amorphous Form

An amorphous form of Compound 1 was obtained from a
spray-drying process of Compound 1 as depicted in FIG. 5.
The spray-drying process comprised: (1) mixing Compound
1 with methanol at 25° C. to yield a suspension; (2) heating
to 121° C.; (3) spray-drying under the conditions in Table 1
or Table 2 to yield an amorphous solid form; and (4)
collecting the resulting solids. Alternatively, the spray dry-
ing process comprised: (1) mixing Compound 1 with
acetone to yield a solution; (2) spray-drying under the
conditions in Table 3 to yield an amorphous solid form; and
(3) collecting the resulting solids. It was found that the
resulting amorphous form of Compound 1 is readily soluble
in ethanol.
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TABLE 1

Spray-drying condition A

100% Compound 1 at 5 wt %

Formulation solids in 100% MeOH

Batch Size (g) 346.7

Atomizer Flash Atomizer

ID = 380 um

Spray Solution Temperature (° C.) 121

Solution Flow Rate (g/min) 96

Atomization Pressure (Psi)* 220

Drying Gas Flow Rate (g/min) 1300

Inlet Temperature (° C.) 138

Outlet Temperature (° C.) 48

Cyclone Size High Efficiency = 3"
(Standard = 6")

Wet Yield (%) 79

Dry Yield (%)** 74

Bulk Packaged SDP (g) 2153

Secondary Drying Convection Tray Dryer at 40° C.

and 15% RH for 21 Hr

*Atomization pressure rose steadily throughout the run
**Dry yield includes the dried bulk and the dry SDP samples only

TABLE 2

Spray-drying condition B

100% Compound 1 Sprayed at 5 wt %

Formulation Solids in MeOH
Atomizer Schlick 2.0
Atomization Pressure (Psi) 120
Solution Flow Rate (g/min) 25
Solution Temperature (° C.) 121

Drying Gas Flow Rate (g/min) 500

Inlet Temperature (° C.) 145

Outlet Temperature (° C.) 50
Process Yield (%) 82.1
Outlet RS (%) 6.73

TABLE 3

Spray-drying condition C

100% Compound 1 at 0.17 wt %

Formulation solids in acetone
Solids Batch Size (g) 5

Solution Temperature (° C.) Room temperature (15-27° C.)
Atomizer Spraying Systems Y4 J Series

2850 Liquid Cap - 64 Air Cap
Atomization Pressure (Psi) 7

Solution Feed Rate (g/min) 32
Solution Temperature (° C.) 121
Drying Gas Flow Rate (g/min) 450
Inlet Temperature (° C.) 20
Outlet Temperature (° C.) 43
Wet Yield (%) 83.3

The amorphous form XRPD contains no crystalline dif-
fraction patterns and has halo, which is typical for amor-
phous compounds, as shown in FIG. 1. Representative DSC
thermograms of amorphous Compound 1 are shown in FIG.
2A and FIG. 2B, showing representative glass transition
and/or melting temperatures.

FIG. 3A and FIG. 3B are representative SEM images of
amorphous Compound 1.

Representative particle size distribution patters for amor-
phous Compound 1 are shown in FIG. 4A, FIG. 4B and FIG.
4C.
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A stability study indicated that the amorphous form is
chemically and physically stable over three months either in
its HPLC purity as depicted in FIG. 6 or in its XRPD as
depicted in FIG. 7.

6.3 Dissolution of Amorphous Form

Dissolution times for the amorphous form of Compound
1 under certain conditions are provided in Table 4.

TABLE 4

Dissolution times of the amorphous solid form of Compound 1.

Reconstitution formulation Dissolution Time

#1 (4.6 mL EtOH added to 1 min
700 mg amorphous Compound 1),
#2 (26.3 mL (25.1:1.2) PEG-
300:Ethanol), #3 (10.3 mL
Saline)

17 mg amorphous Compound 1, 1 min
0.105 g EtOH, 0.656 g PEG-

300, 0.239 g Saline

#1 PEG-300/EtOH, #2 Saline 9 min

6.4 Formulations of Amorphous Form

Formulations containing the amorphous form of Com-
pound 1 and dosage amounts are provided in Table 5, Table
6 and Table 7.

TABLE 5

Formulations A and B.

Final Volume Total Dose
Final Final of Formulations Based on
solution after Concentration Aand B 50 mL
Reconstitution at Injection A B Slow Push
65.6% PEG-300 17.2 mg/g 39.6 mL 83 mL 805 mg/dose
10.5% EtOH 16.1 mg/mL
23.9% Saline

TABLE 6

Additional Formulation

Component Volume % (vol/40 mL dose) Wt. % (wt/40 mL dose)
Saline 25% (10 mL) 28.2% (12.6 g)
PEG-300 61% (24.4 mL) 54.1% (24.1 g)
Ethanol 14% (5.6 mL) 17.7% (7.9 g)
TABLE 7
Dosage amounts
Dose (mg) Total Volume (mL) Percent active
20 40 0.05%
40 40 0.1%
80 40 0.2%
160 40 0.4%
320 40 0.8%
650 40 1.63%
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6.1 Dose Preparation Procedure for Amorphous Com-
pound 1

Reconstitution Procedure

TABLE 8

Drug product intermediate (DPI) vial and reconstitution kit

Amount in
Vial

Amount to

Vial # Cap Reconstitute Vial Contents

10

30

should remain clear. NOTE: Micro bubbles may be present,
this is expected. Attach a syringe with 16 G needle to vial 1,
invert vial 1, and withdraw appropriate amount of solution
from vial 1 (the Mother Vial) according to the dose outlined
in the table below.

TABLE 9

Dose preparations

DPI vial (To be stored under refrigerated conditions 2-8° C.)

Vial 1 Yellow 700 mg 700 mg the “Mother” Vial

with DPI powder

Reconstitution Kit (To be stored under controlled room temperature)

Vial 2 Blue 5 ml 4.6 ml  Ethanol

Vial 3 Green 40 ml 263 ml PEG/Ethanol

Vial 4 Red 50 ml 10.3 ml  Saline

Vial 5 Magenta 50 ml Variable QS Solution #1
(PEG/Ethanol/Saline
Solution)

Vial 6 Magenta 50 ml Variable QS Solution #2
(PEG/Ethanol/Saline
Solution)

Vial 7 White empty — Sterile Mixing and

Administration

All reconstitution should be performed under an ISO class
5 air quality environment and Biological safety cabinet. All
syringes used must be sterile. Needles in this procedure are
either 16 G 1 inch or 18 G 1 inch Precision Glide needle. All
vial stoppers must be disinfected with 70% isopropyl alco-
hol before penetration. Site specific procedures for aseptic
drug preparation should be followed. Remove DPI vial from
refrigeration and allow to come to controlled room tempera-
ture for 10 minutes prior to start of steps below.

Using a 18 G needle, insert into vial 2, invert the vial, and
withdraw 4.6 ml Ethanol. Remove the syringe with needle
from vial 2 and Inject the ethanol into vial 1, making sure to
withdraw equal volume of air from the vial 1 at the end to
balance pressure inside the vial. Remove the syringe with
needle from vial 1 and shake vigorously, dislodging any
powder from the walls of the vial. Shake vigorously up and
down for approximately 3 minutes until a white precipitate
evenly coats the walls of the vial. Using a 16 G needle insert
into vial 3, invert the vial, and withdraw 26.3 ml of PEG/
Ethanol. Remove the syringe with needle from vial 3, insert
into vial 1 and inject the solution into the white precipitate.
Swirl vial 1 to dislodge all white precipitate from the walls
of the vial. Then, shake vigorously up and down for a
minimum of 5 minutes, until the solids are completely
dissolved. Attach a syringe with 18 G needle to the vial 4,
invert the vial, and withdraw 10.3 ml saline. Remove the
syringe with needle from vial 4, attach the syringe with
needle to the vial 1 and inject directly into the solution.
Make sure to withdraw equal volume of air from the vial 1
at the end to balance pressure inside the vial 1. NOTE: There
will be an initial crash out in the solution, this is expected
and should become clear on shaking, the vial will also
become warm during this process. Immediately after injec-
tion, remove the syringe with needle and shake vigorously
up and down for approximately 3 minutes. The solution
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Dose (mg) Volume from Mother Vial (ml)  Volume QS Solution (ml)

20 1.2 38.8
40 24 37.6
80 4.7 353
160 9.4 30.6
320 18.8 21.2
650 38.2 1.8

Remove the syringe with needle from vial 1, attach the
syringe with needle to the vial 7 and inject the solution into
vial 7. Make sure to withdraw equal volume of air from the
vial 7 at the end to balance pressure inside the vial 7. Attach
a syringe with 16 G needle to the vial 5, invert vial 5, and
withdraw the appropriate amount of QS Solution according
to the dose outlined by the table above. Remove the syringe
with needle from vial 5, insert the syringe with needle to the
vial 7 and inject the solution into vial 7. Make sure to
withdraw equal volume of air from the vial 7 at the end to
balance pressure inside the vial 7. Remove the syringe with
needle from vial 7, shake vigorously for 15 seconds to mix.
The final volume should be ~40 ml. Attach a syringe with 16
G needle to the vial 7, invert vial 7, and withdraw all 40 ml
of final solution.

Subject Administration Procedure

To prevent potential drug precipitation induced by undis-
solved drug particles, the final solution should be adminis-
tered to the subject through the 0.2 um in-line filter as soon
as possible and no later than 8 hours and be kept at the
controlled room temperature (15° C.-30° C.) for transpor-
tation between sites after “Reconstitution Procedure” above.
Remove the syringe from vial 7 and place onto an syringe
pump. Attach a 0.2 micron Ultrasite Filtered Extension Set
to the syringe for administration to subject. Prime the tubing
prior to the infusion. Flush the patient line with the QS
solution from Vial 6. Set the pump for administration of
entire 40 ml final solution over 1 hour. After administration,
flush the patient line with QS Solution from vial 6.

The embodiments disclosed herein are not to be limited in
scope by the specific embodiments disclosed in the
examples which are intended as illustrations of a few aspects
of'the disclosed embodiments and any embodiments that are
functionally equivalent are encompassed by the present
disclosure. Indeed, various modifications of the embodi-
ments disclosed herein are in addition to those shown and
described herein will become apparent to those skilled in the
art and are intended to fall within the scope of the appended
claims.

A number of references have been cited, the disclosures of
which are incorporated herein by reference in their entirety.

Compounds of the invention are for use in the methods of
treatment provided herein.
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What is claimed is:
1. An amorphous form of Compound 1, or a tautomer
thereof:

A\

2. The amorphous form of claim 1 which is anhydrous.

3. The amorphous form of claim 1 which is no less than
about 95% pure with respect to other solid forms.

4. A pharmaceutical composition comprising about 0.1-
5% by weight of the amorphous form of claim 1, about
50-80% by weight of polyethylene glycol (PEG), about
5-30% by weight of ethanol (EtOH) and about 15-45% by
weight of saline.

5. A pharmaceutical composition comprising about 0.1
mg to about 1500 mg of the amorphous form of claim 1, in
about 0.5 g to about 100 g of liquid which comprises about
1 g to about 60 g of PEG, about 1 g to about 20 g of EtOH
and about 1 g to about 20 g of saline.

#* #* #* #* #*
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